The question whether mental imagery of perceptual and/or motor acts produces activation in the same or overlapping brain areas has fascinated neuroscientists and cognitive psychologists for several decades. For example, in a series of pioneering studies on visual imagery, Kosslyn and colleagues showed that visual imagery is associated with activity in striate and extrastriate cortex (Kosslyn and Thompson, 2003; Kosslyn et al., 2001) , with the same areas being activated in visual object perception. Similarly, Ersland et al. (1996) reported in a functional magnetic resonance imaging (fMRI) study that mental imagery of a motor act, finger-tapping in a patient with an amputated right arm produced activation in contralateral motor cortex, in the same areas similar to tapping with the intact left arm fingers. In a followup study, Hugdahl et al. (2001; see also Rosen et al., 2001 ) revealed that imagining finger-tapping with imagined pain shifted the activation to sensory cortex areas and in sub-cortical pain pathways, such as the thalamus and insula.
Hence, it is clear that visual imagery of both object perception and motor acts has neuronal correlates that overlap with areas activated during canonical visual perception and motor execution (see also Setiz et al., 1990; Tootell et al., 1998) . However, while the practice of motor skills produce activations in cerebellum, imagery learning produces activation in occipital areas such as primary and secondary visual areas (Nyberg et al., 2006 ). An interesting question, addressed by Olsson et al. (2008) , is therefore whether combining physical and mental motor learning and practice would result in both facilitated performance and whether such a combination would produce activations in the same or different brain areas. An applied perspective of such an approach is that mental training is often used in athletics, which is combined with actual practice of the behavior in question. In a previous study by the research group (Nyberg et al., 2006) it was however suggested that combining physical and imagery training may result in interference effects, actually decreasing performance efficiency.
Olsson et al. (2008) used a novel approach of combining mental and physical motor training and evaluated the effects with fMRI, also using a novel and untrained motor act as a test for transfer effects of the training exercises. The task was a finger-tapping task in which the subjects had to practice over a 6-week period, using canonical motor training, visual imagery, or combined motor and imagery training. The transfer-of-learning task was a sequence tapping task in which the subjects had to execute a tapping sequence, after specific instructions.
Two alternative hypotheses were tested. One hypothesis was that motor and mental training would result in better performance with the largest gain observed for motor training, and that extended motor or mental training would result in increased activation in motor regions and in visual areas, respectively. On combining motor and mental training, it was further hypothesized that the training effect would be based on similar neural networks as seen after motor and mental training in isolation. The other hypothesis was that combined training would not result in better performance above the level obtained through motor training only (possibly also resulting in decreased performance due to interference effects). Such interference effects might be translated into lowered training-related fMRI activations in motor and visual brain areas.
The protocol involved three phasespre-test, training and post-test. During pre-test, the participants were instructed that each of the four fingers of the left hand represented a single digit number, where the index finger was number one and little finger was number four. The participants were then told to, as accurate and as fast as possible, sequentially tap the fingers against a laptop keyboard using F G H J according to a sequence of digits presented on a computer screen placed in front of the participants. The participants were asked to continue the tapping as long as the sequence appeared on the screen. Each sequence shown on a PC screen that the subject had to follow was shown in blocks of 30 s. During the training phase the motor training group practiced execution of the motor sequences while the mental training group was instructed to use an imagery perspective where he should try to engage in himself as to "feel" as if the sequence was executed without actually moving the fingers. During the post-testing phase, the subjects were tested on both the old sequence and a new sequence to assess training and transfer effects. The post-testing was performed according to the same protocol as pre-test.
The results showed that all three training approaches produced better performance after training. However, mental imagery training did not produce the same increase in performance when compared to the other two training procedures. The fMRI brain activation results showed that training resulted in significant activations in ventral pre-motor cortex following motor training and in fusiform gyrus following mental training. Combined motor and mental training resulted in combined activation of motor and visual areas. The fMRI results also revealed effects of transfer of the training that showed activation in the cerebellum.
The authors conclude that combined motor and mental training recruited both motor and visual systems, and that combined motor and mental training improved transfer of learning possibly through setting new functional connections between cortex and the cerebellum. Although the study by Olsson et al. (2008) is limited to the training of an elementary motor act, finger tapping, the combined training effect of physical and mental training, and the transfer effect could have important consequences for training protocols for athletes in need of improved performance in, e.g., jumping or running, and for stroke patients participating in rehabilitation training programs.
